ABSTRACT Purpose: To assess the outcomes of intrastromal corneal ring (ISCR) implantation for the treatment of corneal ectasia. Methods: Thirty-five consecutive patients with secondary corneal ectasia treated with keraring intrastromal corneal ring segment implantation aided by intralaser femtosecond technique (K-ICRS-FS) were evaluated. Visual acuity (logMAR), refraction and astigmatism vector analysis were measured preoperatively and 3 months postoperatively using vector analysis as described by some authors. 
INTRODUCTION
Corneal ectasia is a bilateral, asymmetric, and progressive disease that causes corneal thinning and increase of the corneal curvature (1) , inducing myopia and irregular astigmatism, and leading to progressive visual acuity decrease.
The most prevalent cause of ectasia is the keratoconus and the pellucid marginal degeneration. Keratoconus is characterized by corneal thinning and progressive increase of the corneal curvature, stro mal thinning and irregular astigmatism (2) , while pellucid marginal degeneration is characterized by inferior stromal thinning extending from 4 to 8 hours in a crescent shape (3) . The correction with spectacles provides good visual acuity in the early phases of the disease, while there is no important irregular as tigmatism. In advanced cases, the use of rigid contact lenses is ne-cessary to restore vision. With the progression of the ectasia, and low best corrected visual acuity despite the use of spectacles or contact lenses and/or intolerance to contact lens, the corneal transplant is indicated (4, 5) . Since the 40's, efforts have been made by several investigators to keep corneal ectasia stable with the purpose of postpone or avoid the corneal transplant. The intracorneal ring segment implants (ICRS) were idelized by Joaquim Barraquer in the 50's with the aim of molding the corneal curvature producing stability to refractive procedures (6) . The ICRS implant acts inducing a significant corneal steepening followed by an adjacent corneal flattening that reduces the corneal power and might improve the visual acuity with or without correction. The main advantages of this procedure are: safety, reversibility and stability (7) . Keraring ® intrastromal implant (ISCR) (Mediphacos -Belo Horizonte), differs from available commercial options because it was especially designed for the treatment of corneal ectasia. It is positioned close to the pupillary axis producing a surface regularization and refraction correction. It is characterized by having a triangle transversal section which supposedly reduces glare complaints. It dimensions are 0.6 mm (bottom surface), arch segments from 90 to 210 degrees, variable thickness from 0.15 to 0.30 mm, inner diameter from 5.0 or 6.0 mm (8) and 5.6 or 7.0 (external diameter, of 5.0 and 6.0 respectively). ICRS implant complications include extrusion, migration and superficialization of the implanted segments, besides the possible progression of the ectasic disease. Many of these complications can be reduced and even eradicated by the use of a femtosecond laser to make the tunnel instead of the manual technique (2) . The femtosecond laser acts through the photodisruption mechanism promoting a tissue dissection by forming carbon dioxide microbubbles and water vapor in a chosen depth. It has the benefit to create a tunnel with uniform and precise depth of 360 degrees, being therefore, safer and liable to less intraoperative complications than the manual technique (2, 8, 9) .
Femtosecond assisted intrastromal corneal ring (ISCR) implantation for the treatment of corneal ectasia

PURPOSE
To assess the refractive outcomes of intrastromal ring (ISCR) implanted with femtosecond laser for the treatment of secondary cor neal ectasia.
METHODS
This is a retrospective Clinical Study, approved by the Investigational Review Board -Ethics Committee of Verter Institute-CERPO (CAAE 0003 0389 000-08). The study protocol adhered to the tenets of the Declaration of Helsinki. All patients included in this study were informed about the procedure: surgical technique, possible risks and complications and treatment alternatives.
Before the surgery, the patients that agreed to participate signed an informed consent form included in the study protocol and received a copy of it.
Patients selection
The data was obtained from the patients records at Hospital de Olhos Paulista -in the city of São Paulo from the period of January, 2009 to July, 2010.
The sample includes 35 eyes from 35 patients with corneal ectasia (keratoconus or pellucid marginal degeneration) that underwent ISCR implantation surgery with femtosecond laser.
inclusion criteria
Patients with keratoconus grade I to IV or pellucid marginal degeneration with at least one of those features: best corrected visual acuity ≥ count fingers and ≤ 20/30; and/or total intolerance to the use of contact lens (hard and soft); and/or previous indication of corneal transplant, central pachymetry ≥ 400 μm (ultrasonic or optical methods -Orbscan);
exclusion criteria
Previous ocular surgeries; monocular status; corneal curvature > 65 D; severe corneal opacity and significant corneal healing in the pupillary region, ruptures in the Descement's membrane (severe or healed hydropsy); other previous ocular diseases which can change the visual acuity or contraindicate the surgery such as herpetic ocular disease, dry eye, uncontrolled ocular atopic disease, cataracts, uveitis, indocyclitis, rubeosis iridis, glaucoma, previous retinal detachment, and retinal diseases with vascular change signs; systemic conditions such as Down's Syndrome, pregnancy, and chemical dependency; 
PreoPerative assessment
The preoperative (preop) assessment was performed in both eyes and included a review of clinical and ophthalmologic history and a series of ocular exams (contact lenses users were requested to interrupt its use for at least two weeks before the exams): distance visual acuity (DVA) assessment (AV) with the room lights on, using standard visual acuity tables (Snellen and logMAR); objective and subjective refractions in photopic conditions; slit lamp biomicroscopy; applanation tonometry with Goldmann applanation tonometer (Haag-Streit, Berna, Suiza) connected to the slit lamp; ultrasonic pa chymetry with Humphrey pachymeter and pachymetric maps of 
surgical Procedure
The intrastromal ring implant surgery was performed by two surgeons (MSS and MTG) using the same surgical technique.
Nomograms provided by the manufacturer were used to choose the segment(s), based on the refraction, and topographic and pachymetric data of the patients.
surgical technique
Topical anesthesia with 0.5% proximetacaine; asepsis and antisepsis with 10% povidone-iodine, and blepharostat positioning; 3% povidone-iodine solution for conjuctival sac antisepsis; identification of the corneal optic center with a pen based on the corneal reflex of the surgical microscope coaxial light, asking the patient to fix the center of its filament; the patient was positioned under the laser and the suction ring of the femtosecond laser was centered in his/her eye and the suction applied; the applanation cone was then connected to this set; the applanation cone was centered flattening the cornea and the laser was deactivated forming a tunnel of 360 degrees according to the depth chosen (70% of the thickness of the thinner point in the 5-6 mm area, ring implant place) and with the incision in the corneal topographic axis of greatest curvature. The tunnel was programmed with the following parameters: Inner diameter: 5.00 mm; Outer diameter: 5.90 mm; Incision length: 1.10 mm; Incision thickness: 1.00 mm; Power: 1.5 J; Spot line separation: 4/4.
Under a microscope, with the aid of a blepharostat, the positioning of the segments was performed according to the manufacturer nomograms and placement of therapeutic contact lenses.
PostoPerative medication
The topical postoperative (postop) therapy was performed with 0,1% dexametasone eye drop (Maxidex ® 
ocular findings and comPlications
During the postoperative assessments, all ocular findings with or without clinical significance and those which could mean a threatening to the visual function (complications), as well as the treatment used, when deemed necessary, were documented.
statistical analysis
The data were presented as mean ± standard deviation and proportions for continuous and categorical variables, respectively. Pre-and postoperative comparisons were performed with t-student and Wilcoxon paired tests. Vector analysis of the astigmatism was performed to detect its magnitude change and used procedure des cribed by Jaffe, Clayman (11) . Comparisons between the groups (ec ta sia grade) were made with the Kruskall-Wallis test and multiple comparisons were corrected by the Bonferroni method. The statistical significance level was 0.05. Analyses were performed with Stata v.10 software (College Park, Texas, EUA).
RESUlTS
This study included 35 eyes of 35 patients. Twenty-two (62.8%) male and 13 (37.2%) female participated, with a mean-age of 29.6 ± 8.9 years. All patients completed a 3 month follow-up. 
visual acuity
Twenty-four patients (68.6%) used spectacles, 10 (28.6%) contact lenses and 1 (2.8%) patient did not use any type of refraction cor rection.
There was a statistically significant improvement of the visual acuity in 82% of the patients on the third postoperative month. The corrected visual acuity improved from 0.4 ± 0.20 to 0.25 ± 0.13 (log-MAR), p=0.0002 (Figure 1) .
Among the patients with keratoconus, an improvement on visual acuity was noted in all groups, being statistically significant just in the grades II and III (p=0.015 and 0.014, respectively) ( Table 1) .
sPherical equivalent
There was a statistically significant decrease (p=0,0002) in the spherical equivalent (from -5.41 ± 4.78 D to -2.83 ± 3.29 D) with the use of intrastromal ring (Table 2) . (Table 2) .
Pachymetry
Regarding the central pachymetry and the pachymetry in the thinnest point of the cornea, no statistical difference was noted. The central pachymetry varied from 473.94 μm ± 52.61 μm in the preop to 479.77 μm ± 53.14 μm in the postop, (p=0.2236). Thinnest point measu red ranged from 447.42 μm ± 52.47 μm in the preop to 447.6 μm ± 68.42 μm in the postop, p=0.9848.
anterior chamber dePth
The depth variation of the anterior chamber was statistically significant, from 3.19 mm ± 0.27 in the preop to 3.16 mm ± 0.28 in the postop (p=0.0480).
Posterior elevation
Regarding the posterior elevation, it was noted a statistically significant reduction of it, from 54.54 ± 4.19 D in the preop to 53.37 ± 3.32 D in the postop (p=0.0016).
astigmatism vector analysis
The astigmatism change was performed through a vector analysis. The change magnitude of the astigmatism with the intracorneal ring implant for the study population was: mean of 3.92 ± 2.52 D; median of 2.92 D e range of 0.98 -10.91 diopters. There was no significant difference among the several grades of ectasia (Table 3) .
comPlications
There were no surgical complications in this study. Only one patient needed to exchange the intrastromal ring of 5 mm by one of 6 mm due to halos observation. 
DISCUSSION
Studies regarding the use of intrastromal ring in the keratoconus treatment have been very frequent in the last years. This technique is becoming a more attractive solution to patients whose the alternative was the corneal transplant. Among the main advantages of this surgery, we highlight the corneal positive aspheric preservation, the lack of surgical scaring in its central portion and its reversible characteristic. In the event of an unexpected result, penetrating keratoplasty has been described with good outcomes. Besides, there is no problem in performing the corneal transplant in case the ring surg ery does not achieve the expected result (12) (13) (14) . A statistically significant reduction of the spherical equivalent was noted in our sample leading to improvement of the visual acuity in 82% of the patients after the ring implant, which was also found in other studies (2, 7, 8, (15) (16) (17) , showing the efficacy of the method to correct corneal ectasias, previously corrected only with transplant. This improvement was statistically significant in groups which had keratoconus grade II, III and in both cases of pellucid marginal degeneration. Alió et al., (2005) had also shown better results in these keratoconus groups (18) . In our study, only 3 eyes showed a worsening of 1 line of vision and in 3 eyes maintained the visual acuity, as reported by Alió et al., (2005) with 5 patients and Boxer et al., (2003) with 2 patiens (18, 19) . In the present study, a significant reduction in the topographic data as maximum K and minimum K was also noted. Previous studies showed a corneal flattening of approximately 4 diopters, very close to the one found in this study, which was 4.6 diopters (2, 6, 8, 16) . In genePreoperative Postoperative ral, it occurs due to an important corneal flattening in the first days after the implant and the measures become stable approximately 3 months postoperatively (1) (Figure 2 ). The mechanism of ICRS is the addition of material in the corneal periphery, an arc-shortening effect on the corneal lamelae, flattening the central cornea. For the correction of astigmatism the end point of each segment may produce additional tening (20) . With the corneal flattening after the surgical procedure, patients can experience an important reduction of the corneal irregularity and astigmatism, making possible the use of soft contact lenses with a good visual acui ty and satisfactory fitting (6) . In this study, the astigmatism vector analysis showed a mean improvement of 3.92 ± 2.52 diopters.
During the study, no intraoperative complications such as corneal perforation or incomplete tunnel formation were noted. No postoperative complications such as migration of the segments, as already reported (3, 21) , were noted. It is probably due to the use of the femtosecond laser to create the stromal tunnel. Its use makes the procedure safer (more uniform tunnel depth), faster and more comfortable to the patient and to the surgeon (7) (8) (9) 22, 23) , although the results regarding visual acuity are similar to the ones found when the manual technique is performed by experienced surgeons (8, 2, 24) . One patient needed to exchange the intrastromal ring of 5 mm by one of 6 mm due to halos observation.
CONClUSION
The results of this study showed that the intrastromal ring implant Keraring ® with femtosecond laser is a safe procedure, with low risk of complications, determining important improvement on visual acuity and topographic data of patients with corneal ectasia.
